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Abstract /i -carotene which a well known precursor of vitamin A forms a charge transfer complex with 
iodine fl -carotene and its iodine complex both are studied with ultraviolet- visible- near infrared and mid-
infrared spectroscopy The spectra are analyzed for the nature of transitions and free-carrier absorption // -
carotene -iodine shows a broad and intense Gaussian band around 400 nm Band assignments of the infrared 
spectra are also carried out The first derivative profiles are also plotted 
Keywords * Ultraviolet-visible spectroscopy, infrared spectroscopy, (1 -carotene, electronic transition, Gaussian 
bands 
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1. Introduction 
p -carotene is extracted from carrot and is a well - known precursor of vitamin A [1] It is 
a semiconductor as well as photonconductor [2,3]. Here it is our interest to study how 
optical properties of p -carotene changes under complex formation with iodine. Optical 
absorption and electrical properties are related [4], Therefore, we study P -carotene and 
p -carotene-iodine complex with UV-visible near IR as well as IR spectroscopies between 
200 nm and 1600 nm and 400-4000 cm"1 range respectively. 
2. Experimental 
p -carotene was obtained from Sigma chemical company which was analytical reagent 
and therefore, about 99% pure, p -carotene was grinded in a mortar to make it a 
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microcrystallme powder and pasted on a visible transmitting 
strip with paraffin oil It was placed in a standard 
spectrophotometer of Perkin-Elmer Company to record the 
spectrum in the range 200-1600 nm p -carotene and iodine 
were mixed in 1 1 molecular weight proportions and gnnded 
in a mortar till the colour changed due to the formation of 
charge transfer complex The same process as in the case 
of p -carotene was followed for recording UV-visible-near 
IR spectrum Molecular structure of p -carotene is shown 
in Figure 1 
The infrared spectra (KBr mull) of p -carotene and // -
carotene-iodine (1 1) complex in the range 400-4000 cm -1 
were obtained using a GXFTIR single beam 
spectrophotometer of Perkin-Elmer Company, U S A It had 
resolution of 0 15 cm~1 scan range 15,600 - 30 crrr1 
scan time 20 scan/sec and OPD velocity of 0 20 cm/sec 
MIRTGS and FIRTGS detectors were used 
2. Results and discussion 
The UV-visible - near IR spectra of p -carotene and its 
iodine complex are shown in Figures 2 and 3 In the p -
carotene spectrum, one band is found at 300 nm A sharp 
drop in absorption is found at 500 nm Above 600 nm, the 
transmission becomes almost constant upto 1600 nm 
Three weak (compared to background) absorption bands 
are visible at 1170 nm, 1230 nm and 1350 nm There is 
also an absorption band at 750 nm and a plateau in 
transmission in the range 1400-1600 nm The spectrum of 
iodine (Figure 3) shows a rise in transmission of 300 nm 
band from 2 1 % to 77 5% There is a monotonic rise in 
transmission above 580 nm and broad and intense band 
at 1000 nm Absorption bands in the spectrum of p-
carotene at 1170 nm 1230 nm and 1350 nm show red 
shift The absorption bands in the spectrum of P -carotene 
shift to 1170 nm, 1230 nm, 1300 nm and 1420 nm in the 
iodine complex Absorption at 380 nm, 430 nm and 450 nm develop in the spectrum if 
iodine complex which are not at all observed in p -carotene spectrum 
The infrared spectra of p -carotene and p -carotene-iodine are shown in Figure 4 in 
the range 400-4000 crrr1 Several bands arising from characteristic vibrations of p -carotene 
are observed and broaden and split in the iodine complex This shows that iodine leads 
Hh 
CH I 
HC 
C - C H 3 
I 
HC 
HH 
CH I 
CH3
 V C . 
> " * ^ C - C H 3 
CH* I I 
^ CH2 v,CH2 
^Ci£ 
(J - Carotene 
Figure 1 Molecular structure of 
// -carotene 
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to delocalization of charge carriers. The photoconductivity most probably arises from the 
absorption edge in the infrared range at 1900 crrr1 in //-carotene This somewhat reduces 
to 1800 cm"1 in the spectrum of iodine complex. 
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Figure 2. UV-visible near IR spectrum of // -carotene. 
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Figure 3. UV-visible near IR spectrum of //-carotene-iodine (1 1) complex. 
4. Analysis and interpretation 
The strong band in transmission of p -carotene at 300 nm can be ascribed to <j -> ,T * 
transition. This transition is most affected by its interaction with iodine and the transmission 
of transition rises about 2 1 % to 77.5% in iodine complex. The optical absorption edge of 
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p -carotene occurs around 2 4 eV (500 nm) (hindered cis-isomer) because p -carotene is 
a semiconductor A comparative graph of p -carotene and its iodine complex is shown in 
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Figure 4. Infrared spectra of (a) ft -carotene and (b) // -carotene-iodine 
Figure 5. The iodine complex reveals a broad Gaussian absorption band around 400 nm 
(3.0 eV) and optical absorption edge of p -carotene is wiped out The Gaussian distribution 
is a smooth approximation; otherwise it is absorption shape of the real part of dielectric 
constant around 340 nm 
The optical absorption edge of p -carotene reveals itself as a rise in transmission at 
500 nm. The edge is analyzed to fit the relation [4] 
Ahv = B(hv-Eg) 1/2 
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which is the absorption (A) for a direct allowed transition in a disordered material In Ahv 
vs In {hv-Eg) is plotted (Figure 6a) and slope is found to be 1/2 After this verification, 
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Figure 5 A comparison of absorption edge of ft -carotene with 
spectrum of the iodine complex 
(Ahv)2 vs hv is plotted (Figure 6b) which is found to be a good straight line having an 
intercept on x-axis E = 2 0 eV (600 nm) This shows that it is a direct allowed transition 
across a band gap between the top of the valence band and the bottom of the conduction 
band 
Next is the analysis of free-carrier absorption in the conduction band region, t.e hv > Eg 
[5] Log A (A in %) vs log A (A in nm) is plotted for this purpose (Figure 7) because it 
is supposed to obey a power law The slope is 1 8 showing the relation 
18 af = AA 
i e the power (exponent) is 1 8 This shows that the charge carriers are scattered by 
acoustic phonons [6]. The phonons do not play role in the transitions across the band 
gap but do scatter free charge carriers 
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A broad absorption band around 
775 nm can be due to delocahzation 
of charge earners along the long /> 
carotene chain Three absorption 
bands at 1170 nm, 1230 nm and 
1350 nm can be assigned to the 
spin-orbit splitting of valence band 
[4] The gaps among triply split band 
absorb electromagnetic radiation 
This triplet is red shifted to 1180 nm 
1300 nm and 1470 nm in the iodine 
complex This can be due to band 
tailing effect in a charge transfer 
between p -carotene and iodine 
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Figure 7 Free-carrier absorption in // 
Figure 6 Nature of transition of p -carotene which is a c a r o t e r ,e T h ,s shows scattering of charge 
direct allowed transition carriers by acoustic phonons 
The enlarged diagram of the Gaussian envelope in the spectrum of /3 -carotene-iodine 
complex is shown in separately (Figure 8a) and it is fitted the relation (Figure 8b) 
/4 = 4 ) e * P | 2M? 
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which is the Gaussian distribution where M2 is the second - moment of the distribution 
This reveals that there is density of states having Gaussian distribution within the forbidden 
energy gap. The Gaussian curve is somewhat asymmetric having long wavelength tail. 
80 
75 H 
T 
(%) 
70 H 
65-J 
(a) |J - Carotena - Iodine 
—,— 
300 
8 
1 88 
1 878 
1 876 i 
1 874 
1 872 
1 87 i 
1 868 H 
1 866 "J 
*1 864 
1 862 
1 861 
1 858 
1 86i 
1 854-j 
1 8521 
1 85 
— I — 
400 500 600 
Wave length (nm) 
(b) p - Carotene - Iodine 
Gaussian band 
around 400 nm 
(Short-Wavelength Side) 
zm0 
In A - In/% — v-i*r 
— i 1 j — 
1000 2000 3000 4000 5000 
j — 
6000 
1 1— 
7000 8000 9000 10000 
(A-A,)2 (nm)2 
Figure 8. Gaussian envelope of absorption In /i -carotene- iodine and its 
Gaussian distribution fit. 
In the spectrum of p -carotene-iodine complex, there are weak absorption bands at 
380 nm and 450 nm which are not found the spectrum only p -carotene. This can be 
related to electronic excitation induced by iodine in the long hydrocarbon chain of p -
carotene. There is a monotonic rise in transmission above 580 nm which follows an 
intense transmission band around 1000 nm. This can be ascribed to a change in dielectric 
constant of p -carotene due to its complexation with iodine. 
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300-1 
The band at 775 nm in ft -carotene spectrum is replaced by a plateau in the spectrum 
of the iodine complex Similarly there is a plateau in transmission in ft -carotene in the 
range 1400-1600 nm while there is 
an absorption band in this range in 
/?-carotene-l2 spectrum This 
inverted behaviour shows that there 
is a borrowing of oscillator strength 
from the band at 775 nm in / ' -
carotene At 775 nm, ft -carotene 
shows an absorption band and the 
iodine complex shows a plateau 
while around 1550 nm ft -carotene 
shows a plateau and the iodine 
complex shows an absorption band 
This occurs at approximately half 
energy This band at 1550 nm for 
iodine complex is a charge transfer 
band Thus the derealization of 
charge carriers along //-carotene 
chain gets transferred to iodine 
when complex formation occurs 
For better resolution, the first 
derivative spectra are plotted (Figure 
9) The zeros of the first derivative 
mark the position of broad bands 
The red-shifting of these absorptions 
is due to the interaction of // 
carotene and iodine which leads to 
the broadening of spin orbit split 
bands of valence band, / e one type 
of band tailing reducing the energy 
gaps among three parts of the 
valence band There is a triplet 
between 1 eV and 2 2 eV with 
centre band diminished in the 
spectrum of y?-carotene-iodine 
(Figure 9b) It is absent in the 
spectrum of ft -carotene (Figure 9a) 
This proves that iodine excites and 
interacts with several methyl groups 
-200-^ 
Figure 9 First derivative of spectra of (a) p -carotene and 
(b) p -carotene- iodine 
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on p -carotene molecule The 
nature of transition and free 
carrier absorption in the 
spectrum of p -carotene-iodie 
complex are also ana)yzed 
(Figure 10) Acoustic phonons 
scatter charge carriers but a 
direct transition in ft -carotene 
becomes indirect in /?-
carotene-iodine complex 
Next is regarding the 
infrared spectra of ft -carotene 
and its iodine complex The 
absorption edge found at 
0 225 eV is the infrared 
spectrum of p -carotene can 
be considered as a Peierls 
absorption edge due to Kuhn 
periodicity or a Peierls 
distortion along chain of p-
carotene (Figure 11) This 
band gap reduces to 0 20 eV 
in //-carotene-iodine band 
gap by only phonon energy 
The infrared absorption edge in 
//-carotene and its iodine 
complex reveal indirect 
forbidden transitions 
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Figure 10 (a) Nature of transition in // carotene-iodine and (b) 
free-carrier absorption in /? -carotene- iodine 
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5. Conclusions 
Iodine dissociates 300 nm 
exciton of /?-carotene 
molecule by Gaussian forces 
Iodine creates Gaussian 
absorption above the gap 
region of p -carotene Iodine 
reduces the gaps among the 
spin orbit split valence band 
and lowers the frequencies of 
mterband transitions There is 
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Figure 11. Infrared absorption edges of (a) ji -carotene and 
(b) /?-carotene- iodine which both shows an indirect transition 
which is forbidden 
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a borrowing of oscillator strength from 750 nm band in /?-carotene spectrum for the 
development of charge transfer band at half-energy, i.e. 1550 nm in the spectrum of iodine 
complex. Iodine changes a direct transition in [i -carotene into an indirect transition m 
p -carotene-l2 complex. The infrared gap is also reduced gap by iodine, although by a 
small amount of the order of phonon energy. 
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